A design study has been completed for the RF system of a pulse stretcher ring to be operated in conjunction with the Bates Linear Accelerator. The 390m circumference ring is to operate from 300 MeV to 1 GeV, with 80 mA injected current and 1 msec extraction time. The stretcher ring is for nuclear physics research and has radiation damping time and quantum lifetime long compared to the extraction time. The special requirements of the RF system have been considered. Dynamic behavior at the fundamental frequency has been investigated by computer simulation. Higher-order mode impedance limitation has been specified by an investigation of transverse multi-bunch multi-turn instabilities.
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Speci fication
The RF frequency is to be 2856 MHz, the operating frequency of the linac, in order to maximize the effective duty factor of the beam. The beam aperture of the cavity must be at least 4 cm. All of the injected beam is contained within 4 parts in 104 in energy and 84 degrees in phase, and an important system requirement is to maintain this energy definition during extraction, minimizing the effects of synchrotron oscillations e:rcited during the fast (two-turn) injection process, as well as compensating radiative and parasitic losses. In addition to determining the choice of M QL) and whether it must be varied over the beam energy range, the study of system transient behavior determines source power, control and stability specifications for source power and phase, and the required range of tuning angle.
The phase vector diagram for the RF cavity is shown in Fig. 1 . With the expected bunch lengths, Vg = 2(PZ6)1/2 cos M/(l + () and Vb = iZ cos U/l(l + (). 
Prediction of System Performance
The required cavity voltage (Table I) Robinson showed that a negative 4 is sufficient to produce system stability for small changes in equilibrium conditions [3] . 4 here carries the sign of cavity reactance rather than that of cavity admittance, with voltage leading current for positive 4 . In practice instability growth times are long relative to extraction times. Fig. 3 for 300, 500, 800, and 1000 MeV. The corresponding ranges of 4 for the segments shown are 00 to +500 for 300 MeV, -300 to +400 for 500 MeV, -45°to +25°for 800 MeV, and -300 to +100 for 1 GeV. Note that the 4 = 450 case shown in Fig. 2 is a matched condition at the beginning of extraction lying on the appropriate curve of Fig. 3 . The 4 --22.5°case is operating far from the locus of matched points, yet the price paid in increased energy spread is modest.
Higher-order Mode Requirements The excitation of higher order modes (narrow band impedances) of the RF accelerating cavity will produce long-range, low frequency forces which couple the motion of a large number of charge bunches to generate multi-bunch instabilities and which allow the beam to interact with its own field after one or more turns to produce multi-turn instabilities. In the dimension transverse to the beam the nature of this problem is (TMljk) contribution which, in the absence of transverse damping, will produce exponential growth in emittance of stored beams. These modes have transverse magnetic fields on axis, and, in quadrature, radial gradients of longitudinal electric fields by means of which an off-axis charge couples energy to the mode.
The computer code used to simulate the excitation of such multi-turn, multi-bunch instabilities is an adaptation of a code developed by R. Helm to study beam breakup in linear accelerators. A beam of energy E and current i is carried by k point-like bunches equally spaced in time by 1/fo. The bunches, each characterized by its transverse position and momentum, pass in succession through a cavity (or series of cavities) characterized by f, Q, and (R/Q). f represents the frequency of a deflecting mode and Q its quality factor. (R/Q), the associated 'normalized shunt impedance', or 'geometric quality factor', is defined such that i (R/Q) is the energy transferred to the mode by an off-axis beam current i per two radians of phase and per radian of spatial phase off-axis. The field integral in the cavity is represented by a complex number argument the frequency f and with amplitude exponentially damping according to f and Q. Each bunch passage augments the real part of the field, and the imaginary part augments the transverse momentum of the bunch. Between successive passages of a particular bunch through the cavity the transverse coordinate-momentum of the bunch is transformed by the betatron matrix characterized by 1 (betatron phase shift per turn) and 6 (machine function at the cavity). The instability is excited by offsetting the cavity a small distance from the beam axis. The bunch mode is fully developed long before the rms position spread reaches physically significant (mm) dimensions. In the example of Fig. 4 We expect the single-celled 2856 MHz structure to have only one predominantly TM deflecting mode below cutoff (at about 4700 MHz, with R/Q 10 ohms), and one other mode at a somewhat lower frequency, predominantly TE, with an order of magnitude lower impedance [4] . In order that rms transverse position spread remain below 0.1 mm for 1 msec, for the proposed Bates ring with 8m, E = 300 MeV, and i = 80 mA, the Q of the prominent mode must be below about 25000. Since the loaded Q of the fundamental will only be about 1000, there should be no difficulty in exceeding the above higher-order mode specification by at least two orders of magnitude.
